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CHAPTER I 
INTRODUCTION 
Water plays a very important role in crop production. The avail-
ability of water is a critical factor in arid and semi-arid regions. 
Kramer (15) reported that there are four general functions of water in 
plants: a) as the major constituent of physiological tissue, b) as a 
reagent in photosynthetic and hydrolytic processes, c) as the solvent 
in which solutes move from cell to cell and orgaq. to organ, and d) as 
an important factor for the maintenance of turgidity necessary for cell 
enlargement and growth. 
There are.several environmental factors that can influence the 
growth and yield of crops. Water stress is one of the most widespread 
and serious environmental variables affecting plant growth (12). Growth 
retardation as a result of water deficiency is well known. Stocker (31) 
indicated that enzymatic activities are retarded by plant water deficits, 
and particularly the· shortage of building material caused by the reduc- · 
tion of. photosynthesis. Sullivan and Eastin (33) reported that specif;l~ 
enzymatic reactions or metabolic processes may have critical water po-
tent:f,.als at which they are severely altered or cease to function. 
Cereal produc.tion in the world is limited by a shortage of mois-
ture nearly every year (10). Wheat is grown in the areas of the world 
where the average annual rainfall ranges from 25-177 em (17). Decreased 
1 
plant- water potential causes reduction in photosynthesis,. increased 
stomatal diffusion resistance and subsequently decreased yields (4). 
2 
Bayles et al. (2) reported that the ability of wheat plants to 
produce grain under drought conditions might be related to: a) the 
ability of the root systems to absorb water as fast as or faster than 
the amount of water lost by transpiration, and b) the ability of plants 
·to. limit transpiration and to continue the process of photosynthesiS· 
and assimilation under high evaporative demands. Sullivan and Eastin 
(33) state that it is necessary to have a complete understanding of the 
physiological responses to moisture stress including those factors re-
lated to drought resistance in order to accomplish plant modification 
for more efficient water use. 
Limited success has been obtained in screening plants for drought 
tolerance by selection on the basis of morphological characters sucl;l 
as fewer stomata or more extensive root systems because of the genotype-
environment interactions (39). Heyne and Laude (8) reported that the 
resistance to high temperature and moisture stress is an important fac-
tor to consider in the development of new cultivars of corn for semi-
arid regions. Hurd (11) points out that in breeding for drought resis-
tance in wheat, the breeder should select parents that a) have extensive 
root systems, b) maintain their photosynthetic process under stress, 
c) are productive under moisture stress, and d) grow fast at early 
growth stages<. 
The objectives of this study were to examine techniques for evalu-
ating selected winter wheat cultivars for their drought resistance. 
The specific objective was to differentiate between the response of 
these cultivars at an early growth stage under moisture stress. 
------
------
CHAPTER II 
REVIEW OF LITERATURE 
·The effect of drought on cereal crops varies with the stage of· 
growth at which the stress occurs. Henkel (7) reported that drought 
in cereals during spikelet formation, slightly decreased the yield of . 
grain by decreasing the number of kernels in the head. Drought during 
the grain formation led to smaller kernels and incomplete filling of 
the head. Misra (21) conducted a greenhouse stu4y in which wheat cul-
tivars were subjected to varying periods of moisture stress at differ-
ent growth stages to study their ability to withstand drought. This 
study revealed that exposure to drought at the boot stage was more in-
jurious than at earlier stages of growth. 
Classification and Definitions 
of Drought Resistance 
Many qefinitions have been suggested for drought and drought re-
sistance. · Drought is used to describe the lack of soil moisture, and 
occurs when the available soil moisture is lowered to a point where the 
plant cannot absorb water rapidly enough to replace that lost to the 
air by transpiration (26). Singh et al. (28) suggest that drought re-
sistance. is the ability of the plant to obtain and retain water as well 
as carry out its metabolism during a period of low water potential in 
the tissue. Henkel (7) gives the following definition of drought re-
3 
Drought-resistant plants are those which in the 
process of ontogenesis are able to withstand the 
effect of drought and which can normally grow, 
develop and reproduce under drought conditions 
because of a number of properties acquired in 
the process of evolution under the influence of 
environmental conditions and natural selection (p. 363). 
Shantz (27) classified plants which grow· in regions subject to 
drought into four groups: 1) those which escape drought by a short, 
rapid grmvth period; 2) those which evade drought by conserving the 
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limited moisture supply, by small size, restricted growth, wi-de spacing 
or low water requirement; 3) those which endure drought by pass:i'.ng into 
a drought dormant condition until vmter is again available to the roots; 
4) those which resist drought by storing up a supply of water to be used 
when none can be obtained from the soil. Levitt ( 18) divided drought 
resistance into either drought avoidance or drought t-olerance. He 
stated that the drought-avoiding plant maintains a high internal _-.;v-ater 
potential in spite of the low environmental water potential to which it 
is exposed. Drought tolerance means a plant can survive a lo1v tissue 
'v-ater content and/or water potential. Shantz (27) reported that drought 
evading is the most important group. Host of the cereals grown in semi·-
arid regions belong to this group. 
Stomatal Hovement and 
Stomatal Resistance 
Stomata have a significant control over transpiration under normal 
conditions; therefore, the mechanism of stomatal movement appear to be 
very important (29). More than 80% of the water is lost through 
stomata (20). 
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Stomatal opening and closing are important mechanisms that should 
be understood because they are directly related to water loss. Waggoner 
and Zelitch (38) reported that stomatal opening is caused by turgor 
changes and the difference in turgor between guard cells and· their ad-
jacent cells. Salim (25) reported that stomata of hardened wheat plants 
when subjected to moisture stress remained open, while the stomata in 
non-hardened wheat plants closed. During moisture stress, stomata in 
sorghum close later than stomata in corn and wilt at a lower water po-
tential than stomata in corn (32). 
The amount of carbon dioxide which is fixed by leaves is directly 
related to the mechanism of stomatai opening and closing. Under mois-
ture stress the stomata tend to close and the flow of carbon dioxide 
into the leaf through stomata is decreased. Brown and Rosenberg (3) 
indicated that most of the carbon dioxide fixed by leaves enters through 
the stomata of the leaf epidermis. Sullivan (34) reported that when the 
stomata close under moisture severe dessication may be avoided, but dif-
fusive resistance to co2 exchange increases, photosynthesis decreases 
and yield is decreased. 
Light·intensity has a direct affect on the stomatal resistance. 
The size of stomatal aperture is regulated by photoactive and hydroac-
tive processes (3). Quarrie and Jones (23) conducted experiments to 
compare the effects of abscisic acid (ABA) and moisture stress on leaf 
morphology and floral development in a spring wheat. Their results in-
dicated that both ABA and moisture stress decreased the mean cell size, 
reduced the number of stomata per leaf, and increased the production of· 
trichomes in all the leaves sampled. It was concluded that abscisic 
6 
acid (ABA) could mediate many of the responses of wheat plants to pro-
longed moisture stress. 
Transpiration and Transpiration 
Rate under Moisture Stress 
The loss of water vapor from living plants is known as transpira-
tion. Most of this water loss occurs through stomata. The amount of 
water loss by transpiration is affected by different factors such as 
plant species, intensity of solar radiation, soil condition, humidity· 
of the atmosphere, leaf area, and some other factors. 
The transpiration rate is more important than the transpiration 
per se because of difference in leaf area. The transpiration rate of 
plants as reported by Kramer (15) is determined by a) leaf structure and 
' leaf area, b) the period in which stomata remain open, c) environmental 
factors such as temperature and atmosphere vapor pressure. 
Under moisture stress the plant stomata tend to close and the 
amount of transpiration decreases as a result. Veihmeyer and Hendrick-
son (37) reported that the wilting of a plant does not.indicate that 
water has ceased to move from the soil into the plant, but simply that 
transpiration has exceeded absorption and conduction. 
The transpiration rate differs among species, and may be used an 
an indicator of drought resistance. Stefanouskii (30), using the 
drought chamber, found tha:t Triticum durum transpired more rapidly than 
.!..:_vulgare when subjected to drought; and Mediterranean wheats tran-
spired more than similar cultivars from the Russian steppe region. 
Growth and Growth lhtte under 
Moisture Stress 
7 
Growth and growth rate are influenced by moisture stress. This 
influence is not the same for roots and shoots. Evans et al. (5) re-
ported that with moderate moisture stress shoot growth may be reduced 
more than photosynthesis, but some root growth may reamin active, lead-
ing to a decrease in the shoot/root ratio. Sandhu and Laude (26) re-
ported that the study of root/top ratios indicated that dry.weight of 
roots was. greater in proportion to top growth in drought hardy winter 
wheat cultivars than nonhardy cultivars from early tiller stage to the 
late stage of growth and development. 
During a period of soil moisture stress, the growth of organs is 
influenced in this order of decreasing severity: leaves > stems > 
roots (22). Hagan et al. (6) ·found in Ladino clover that whereas green 
weight and shoot elongation were reduced significantly when soil mois-
ture decreased into the lower half of the available range, photosynthe-
sis, dry weight, and respiration rates were not appreciably affected 
until the moisture content in the entire root zone approached the 
permanent wilting percentage. 
Germination Study 
Moisture stress has an influence on germination. As moisture 
stress increases, germination is delayed, and the rate of germination 
is reduced. Helmercik and Pfeifer (9) used mannitol solutions to ob-
tain moisture stress with winter wheat and reported that, as moisture 
stress increased, germination was delayed and the rate of seedling 
growth was reduced. Knipe and Herbel (14) reported that a moisture 
8 
tension of three atmospheres did not greatly delay germination of 
several grass species tested. All the species which germinated at 11 
atmospheres and higher had delayed germination at these higher levels 
of moisture stress. However, the total germination percentage and 
rates of initial seedling growth were reduced for several range grasses. 
Uhvits (36) tested the germination of alfalfa seeds, using sodium 
chloride and mannitol, at different concentrations ranging from 1 to· 
15 atmospheres. She found that sodium chloride was more inhibitory 
than tnannitol. Therefore, she concluded that differences in response 
suggested a toxic effect of the sodium chloride. 
Survival Study 
Laude (16) defined survival as the ability of plants to avoid or 
postpone reaching levels of dryness which are injurious, and the ability 
to endure dehydration with a minimum of injury. Todd and Webster (35) 
conducted survival studies in which nine wheat cultivars were subjected 
to weekly cycles of drought followed by rewatering. Their results in~ 
dicated that there was a continuing loss of plants with each successive 
cycle. Ridl~y and Todd (24) reported that when drought becomes severe, 
the older leaves are usually the first to die, followed by the younger 
leaves. They also point out that survival is dependent on maintenance 
of a viable shoot meristem. Otherwise, the plants do not recover from 
drought. Laude (16) indicated that young tissues, such as buds and 
meristems, often seem to have a higher degree of tolerance to lack of 
water than do older tissues. 
Plant species differ in their ability to recover in terms·of photo-
synthetic activity following a drought period (35). Stocker (31) dis-
cussed evidence sug~esting that plants may go through a hardening 
process when they are exposed to drought which enables them to photo-
synthesize better while under moisture stress. The ability to photo-
synthesize while under moisture stress, or to recover more quickly 
after rewatering, might contribute to drought resistance. 
' 
Techniques of Testing for 
Drought Resistance 
9 
Many investigators reported that field drought tests are desirable, 
but the problem of testing for drought resistance in the field is 
hampered by the great fluctuations in moisture which can occur from 
year to year and from location to location. The+efore, it would seem 
to be very difficult to obtain the right conditions when needed. For 
these important reasons, several techniques have been used to facili-
tate the.measurement of plant moisture stress. Salim (25) stated that. 
many investigators reported the use of greenhouse and laboratory methods, 
employed artificial conditions, and used various physiological manifes-
tations to test for drought resistance. 
Stomatal resistance has been used as a technique for measuring 
drought resistance. Sullivan (34) pointed out that diffusive resis-
tance or •tomatal observations indicate that the internal water poten- .· 
tial is kept high by retarded tra'hspiration. 
Germination of seeds under different levels of moisture has been 
used by •everal investigator•. Uhvits (36) found that the higher the 
concentration of mannitol and sodium chloride, the lower the rate and 
percentage of germination of alfalfa seeds. She observed no germination 
of alfalfa seeds at 12 to 15 atmospheres. 
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· A survival approach has been used in studies of drought injury and 
resistance. Levitt (19) reported that most investigators now determine 
drouaht resistance directly on the basis of drought survival. Misra 
(21) planted four cultivars of wheat and four strains of hybrid corn 
under dry periods of 11, 15 and 19 days at four stages. The percentage 
of plant z:oecovery in these three different drought periods was 61, 34, · 
and 26% respectively. This study with different cultivars of wheat re.i,; 
vealed that exposure to drought at the boot stage was more injurious 
than exposure at earlier stages of growth. The percentage recovery 
decreased with increased age of the plants. 
CHAPTER III 
MATERIALS AND METHODS 
Sixcultivars of wheat were tested and evaluated for drought J:;e~< 
sistance. These cultivars were: 
1. Rall - released in 1976 by Oklahoma Agriculture Experiment 
Station. 
2. KanK.ing - developed by Earl G. Clark, Sedgwich, Kansas. 
3. Triumph 64 - developed by Joseph E. Danne, El Reno, Oklahoma. 
4. Payne (OK7ll092A) - released by Oklahoma Agriculture Experi-
ment Station, 1977. 
5. Sturdy -developed in 1966 by Texas Agricultural Experiment 
Station. 
6. David - an introduction from Austria. 
Three different studies were used: 1) a laboratory germination· 
test using d-mannitol solutions ranging from 0 to 15 atmospheres; 2) a 
moisture stress study using two moisture levels; and 3) a survival 
study using two levels of moisture stress and different cycles. The 
last two studies were conducted in a controlled growth chamber. 
Laboratory Germination and 
Drought Resistance 
Germination tests were conducted in 1977, on the six wheat cul-
tivara listed above. 
11 
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First Experiment 
Solutions of O, 3, 6, 9, 12 and 15 atm of moisture tensions were 
prepared using d-mannitol .and deionized distilled water. 
The amount of mannitol and distilled water were calculated ac-
cording to Van't Hoff formula: -W m m i R T. 
Where: W = osmotic potential (atm) 
m = molality of the solution 
i a a constant for ionization (i=1.0) 
R • gas constant (0.083 liter-atmospheres/mole-degree) 
T = absolute temperature (co + 273) 
The check treatment consisted of deionized distilled water, repre-
senting 0 atmospheres. Plastic germination containers with covers were 
used. The substratum for all containers was four thickness of absorbent 
germination tissue. 
Fifty uniform seeds were placed in each container to which 8 m1 of 
mannitol solution were added. A randomized complete block design was 
used with four replications. One replicate consisted of 36 containers 
of treatments randomly assigned to one tray as suggested by Ahring 
et al. (1). All containers were covered to prevent evaporation and 
placed in a germinator at 20°C with a high humidity. 
Second Experiment 
The experimental design, wheat cultivars, and environmental condi-
tiona that were used in the second experiment were similar to the first 
experiment except that mannitol concentrations and the germinator were 
different. Solutions of 0, 9, 11, 13 and 14 atm of moisture tension 
were prepared as described in the first experiment. 
Percentage germination counts were made after 7 days as the first 
count and after 14 days as the final count for both experiments. A 
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seed was considered as germinated when the seedling met the following 
three criteria: a) the presence of a normal primary root, b) the pres-
ence of a normal primary shoot, and c) the absence of abnormal growth. 
Moisture Stress Study 
This study was conducted in the growth chamber to measure the dif-
ferences among four different wheat cultivars. Four measurements: 
transpiration, diffusion resistance, total leaf area, and shoots-fresh 
and dry weight were taken under moisture stress conditions. 
Cultivars of wheat, Rall, Payne, KanKing, and David, were selected 
from the germination study to be tested and evaluated for drought re-
sistance under two levels of moisture stress. A randomized complete 
block design with six replications was used. Each replication consisted 
of ten pots representing treatments assigned at random. There were two 
check pots in each replication. 
The check pots did not contain plants and were used to dete'rmine 
the loss of water from the soil by evaporation. Pots, 11.5 em diameter 
and 9.5 em deep, were filled with 625 grams of a mixture of two parts 
per volume of soil and one part of vermiculate. Nine seeds were planted 
in each pot; the seedlings were thinned to five per pot five days after 
emergence. 
The plants were subjected to stress treatments at three weeks of 
age. Stress treatments 1 and 2 received a 150 and 100 cc of tap water, 
respectively. Then, water was withheld for the rest of the period 
during which the measurements were taken periodically through a five-
day period. 
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A controlled growth chamber was used with 16-7°C day-night.tem-
1 
peratures, and 12-hour light period. 
The pots were weighted each 24 hours for five consecutive days. 
The change in weight of pots with no plants represented the amount of 
evaporation. Rates of transpiration, for the given period, were 
measured by determining the rate of change in weight of pots, contain-
ing the experimental plants. Corrections for surface evaporation were 
made by subtracting the rate of change in weight of identically treated 
pots without plants. The rate of transpiration was expressed in terms 
2 
of grams water per 24 hours per em of leaf area. 
Stomatal resistance was measured with a Lambda LI-64S diffusive 
resistance meter made by Lambda Equipment Corporation, Lincoln, Nebraska, 
and a LI-20S sensor calibrated according to the methods of Kanemasu 
et al. . (13) • Resistance was measured on the upper surface of the third 
leaf approximately two em away from the stem, each 24 hours for five 
consecutive days on a random basis of one plartt a day. 
At the end of the experiment, the plants were harvested to deter-
mine total leaf area and the fresh weight and dry weight of the shoots. 
The total leaf area was then measured by the use of a LI~COR Leaf Area 
Meter (Model LI-3000A, Lambda Instrument Corp., Lincoln, Nebraska). 
Survival Study 
This experiment was designed to test for seedling survival under 
various drought cycles. Four wheat cultivars of Rall, Payne, KanKing, 
and David were selected to be tested and evaluated under this study. 
Pots measuring 9 by 9 by 8 em were filled with 420 grams of a mixture 
of two parts of soil and one part vermiculate. Thirty uniform seeds 
15 
were planted per pot, and the seedlings were thinned to 20 per pot five 
days after emergence. The pots were placed in a controlled environment 
0 
chamber with 20-12 C day-night temperatures, and 12 hour light period. 
After the plants reached two weeks of age, stress treatment 1 and 
stress treatment 2 pots were watered with 80 and 50 cc tap water, res-
pectively. Then, the seedlings were held without watering seven days 
until they showed severe wilting, at which time the seedlings were 
rewatered. Three days later, the percentage recovery for the first 
cycle was recorded. The same procedure was repeated for three more 
cycles. Water was added at the beginning of each cycle. 
CHAPTER IV 
RESULTS AND DISCUSSION 
Laboratory Germination and 
Drought Resistance 
First Experiment 
In this experiment, data on the seed germination of six wheat cul-
tivars at different concentrations of d-mannitol are given in Tables I, 
I 
II, and III. Germination decreased in response to increased mannitol 
concentration. 
Duncan's multiple range test at the 0.05 level in Tables I, II, 
and III. showed that there was no difference among cultivars under 0 
atmospheres. At the lower mannitol concentrations (3 and 6 atm), the 
variation among cultivars was relatively small. However, under the 
higher concentrations (9 and 12 atm), the differences among cultiva.rs 
were at a maximum. Therefore, greater opportunity exists to differen-
tiate amongcultivars under the higher levels of moisture stress (9 and 
12 atm) than under lower levels of stress. The cultivarsdid not res-
pond the same relative to one another under different moisture tensions 
as indicated by interaction between cultivars and mannitol levels. 
Germination, after 7 days, was highly variable under 9 atmospheres. 
The cultivars David and Rall showed the lowest germination under this 
moisture level, while Sturdy showed the highest (Table I). After 14 
16 
Cultivar 0 
Rall 88 a* 
Triumph 64 95 a 
Payne 93 a 
Sturdy 95 a 
Kan.King 90 a 
David 90 a 
TABLE I 
THE PERCENTAGE GERMINATION FOR SIX WHEAT 
CULTIVARS AT.SIX LEVELS OF MOISTURE 
TENSION AFTER 7 DAYS (FIRST COUNT) 
Moisture Tension (Atm) 
3 6 9 12 
84 b 54 c 0 d 0 a 
92 a 54 c 5 cd 0 a 
95 a 74 a 17 b 0 a 
85 b 71 ab 42 a 0 a 
84 b 67 b 8 c 3 a 
89 ab 49 c 0 d 4 a 
15 Average 
0 a 37 c 
0 a 41 a 
4 a 47 ab 
0 a 48 a 
0 a 42 b 
0 a 38 b 
*eultivars followed by the same letter were not significantly different at:. the :S% 
· level using Duncan's Multiple Range Test. 
Cultivar 
Rall 
Triumph 64 
Payne 
Sturdy 
KanK.ing 
David 
TABLE II 
THE PERCENTAGE GERMINATION FOR SIX WHEAT CULTIVARS AT 
SIX LEVELS OF MOISTURE TENSION FROM DAY 7 TO 
DAY 14 (SECOND COUNT) 
Moisture Tension (Atm) 
0 3 6 9 12 15 
2 a* 3 a 35 a 72a 50 a 2.0 ab 
0 a 1 a 39 a 80 a 21 c 0.5 ab 
0 a 2 a 20 b 63 b 16 cd 9.5 a 
1 a 8 a 20 b 44 c 32 b 0.0 b 
2 a 9 a 20 b 74 a 34 b 0.0 b 
-
2 a 5 a 41 a 28 d 9 d 0.0 b 
Average 
27 a 
23 ab 
18 c 
17 cd 
23 b 
14 d 
*Cultivars followed by the same letter were not significantly different at the 5% 
level using Duncan's Multiple Range Test. 
Cultivar 
Rall 
Triumph 64 
Payne 
Sturdy 
KanKing 
David 
TABLE III 
THE PERCENTAGE GERMINATION FOR SIX WHEAT CULTIVARS AT 
SIX LEVELS OF MOISTURE TENSION AFTER 14 DAYS 
(TOTAL COUNT) 
Moisture Tension (Atm) 
0 3 6 9 12 15 
90 a* 87 b 90 a 72 b 50 a 2 b 
95 a 93 ab 94 a 85 a 21 c 0 
93 a 97 a 94 a 80 a 16 cd 14 a 
96 a 93 ab 91 a 86 a 32 b 0 b 
92 a 93 ab 87 a 83 a 38 b 0 b 
95 a 93 ab 90 a - 28 c 13 d 0 b 
Average 
65 a 
65 a 
66 a 
66 a 
65 a 
53 b 
*Cultivars followed by the same letter were not significantly different at the 5% 
level using Duncan's Multiple Range Test. 
20 
days (Table III) David showed the lowest germination under 9 and 12 atm 
while Triumph 64, Payne, Sturdy, and KanKing had the highest germination 
under 9 atmospheres, but the cultivar Rall showed the highest germina-
tion under 12 atmospheres. 
The analysis of variance (Table IV) indicated that genotypic ef-
fects, mannitol concentrations (moisture tensions), and genotype by 
mannitol concentration interactions were highly significant at the0.01 
probability level for germinated seeds. 
Second Experiment 
The analyses of variance (Table V) indicated that mannitol·concen-
trations and genotypic effects were highly significant at the 0.01 
probability level for germinated seeds. Percent seed germination of 
the six wheat cultivars is presented in Tables VI, VII, and VIII. The. 
differences among cultivars were at a maximum under 9 and 11 atm. 
Again the genotype by mannitol concentration interaction was highly 
significant. Under 9 atm, KanKing showed the highest percent germina-
tion, while David showed the lowest ability to germinate after 7 days. 
After 14 days, David had the lowest ability to germinate, while Payne 
had the highest germination under 9 and 11 atmospheres. 
Total germination percentages, in both experiments, were largely 
inhibited by high moisture tension of mannitol solutions. This result 
was similar to that found by other investigators (9, 14, and 36). Seeds 
of all cultivars germinated quickly at low moisture tension. Knipe and 
Herbel (14) reported that germination was not delayed under low mois-
ture stress. If enough time was given to the seeds, relatively high 
germination rates were obtained with higher mannitol concentrations. 
TABLE IV 
ANALYSIS OF VARIANCE AMONG SIX WHEAT CULTIVARS 
FOR GERMINATION PERCENTAGE IN SIX 
CONCENTRATIONS OF D-MANNITOL 
Source df Mean Squares 
1st Count 2nd Count 
Rep 3 48.17* 40.49 
Genotype 5 120.14*** 140.88** 
Error A 15 21.90 24.79 
(Rep * GE) 
M1 (Linear) 1 43993.46*** 0.02 
M2 (Qud.) 1 10709.41*** 12632.51*** 
M-Level (Res.) 3 335.11*** 1097.60*** 
GE * M1 5 11.66 38.68 
GE * M2 5 76.98** 237.68*** 
GE * M-Level 15 63.64*** 112. 78*** . 
Error B 90 18.84 42.35 
* Significant at the 5% level 
** Significant at the 1% level 
*** Significant at the 0.1% level 
Total Count 
171.36** 
157.69*** 
13.33 
43934.53*** 
79.36 
444.83*** 
38.22 
267.17*** 
96.61*** 
30.02 
N 
...... 
TABLE V 
ANALYSIS OF VARIANCE AMONG SIX WHEAT CULTIVARS 
FOR GERMINATION PERCENTAGE IN FIVE 
CONCENTRATIONS OF D-MANNITOL 
Source df Mean Squares 
1st Count 2hd Count 
Rep 3 14.94 31.22 
Genotype 5 123.39*** 131.19*** 
Error A 15 6.87 34.15 
(Rep * GE) 
M1 (Linear) 1 31735.12*** 182.67*** 
M2 (Qud.) 1 5952. 77*** 12848.30*** 
M-Level (Res.) 2 59.49*** 843.04*** 
GE * M1 5 21. 62** 22.37 
GE * M2 5 206.09*** - 117 .89*** 
GE * M-Level 10 138.14*** 173.57*** 
Error B 72 6.92 19.91 
* Significant at the 5% level 
** Significant at the 1% level 
*** Significant at the 0.1% level 
Total Count 
88.05*** 
372.14*** 
29.86* 
36733.23*** 
1310.16*** 
583.70*** 
30.41 
432.43*** 
40.19** 
15.79 
Cultivar I 
·Rall 
Triumph 64 
Payne 
Sturdy 
KanKing 
David 
TABLE VI 
THE PERCENTAGE. GERMINATION FOR SIX WHEAT CULTIVARS AT 
FIVE LEVELS OF MOISTURE TENSION AFTER 7 DAYS 
(FIRST COUNT) 
Moisture Tension (Atm) 
0 9 11 13 14 
91 b* 2 d 0 c 0.0 a 0.0 a 
95 a 5 c 1 c 0.0 a 0.0 a 
94 a 46 b 6 a 0.0 a 0.0 a 
94 a 45 b 3 b 0.0 a 0.0 a 
85 c 51 a 1 c 0.0 a 0.0 a 
95 a 0 e 0 c 0.0 a 0.0 a 
*Cultivars followed by the same letter were not significantly different 
level using Duncan's Multiple Range Test. 
Average 
19 c 
20 c 
29 a 
28 ab 
27 b 
19 c 
at the 5% 
Cultivar 
Rall 
Triumph 64 
Payne 
Sturdy 
Ka.nKing 
Dav:ld 
TABLE VII 
THE PERCENTAGE GERMINATION FOR SIX WHEAT CULTIV.AR.s AT 
FIVE LEVELS OF MOISTURE TENSION FROM DAY 7 TO 
DAY 14 (SECOND COUNT) 
Moisture Tension (Atm) 
0 9 11 13 14 
1 a* 74 a 44 c 2 c 1 b 
1 a 48 b 41 c 6 b 3 ab 
1 a 44 cd 67 a 6 b 2 b 
1 a 42 d 58 b 2 c 1 b 
3 a 33 f 67 a 12 a 5 a 
0 a 39 e 16 d 0 c 0 b 
Average 
24 a 
20 b 
24 a 
21 ab 
24 a 
llc 
*Cultivars followed by the same letter were not significantly different at the 
5% level using Duncan's Multiple Range Test. 
Cultivar 
Rall 
Triumph 64 
Payne 
Sturdy 
KanKing 
David 
TABLE VIII 
THE PERCENTAGE GERMINATION FOR SIX WHEAT CULTIVARS AT 
FIVE LEVELS OF MOISTURE TENSION AFTER 14 DAYS 
(TOTAL COUNT) 
Moisture Tension (Atm) 
0 9 11 13 14 
92 b* 76 c 44 d 2 c 1 be 
96 a 53 d 42 d 6 b 3 ab 
95 a 90 a 73 a 6 b 2 b 
95 a 86 b 60 c 2 c 1 b 
87 c 84 b 68 b 12 a 5 a 
--
95 a 39 e 16 e 0 c 0 c 
Average 
43 c 
40 d 
53 a 
49 b 
51 ab 
30 e 
*Cultivars followed by the same letter were not significantly different at the 5% 
level using Duncan's Multiple Range Test. 
N 
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Moisture Stress Study 
Transpiration and Transpiration Rates 
According to the analysis of variance for transpiration and tran-
spiration rate (Table IX), thedifferences among cultivars were not 
significant. This is probably due to the fact that total leaf area is 
. related to the amount of water transpired during the five consecutive 
days. Significant differences were found among days at the 0.01 level 
of probability. There was a significant interaction between stress by 
day at the 0.01 level of probability, but no interaction between cul-
tivar by day. This indicates that cultivars follow the same pattern 
during the five consecutive days. 
Diffusion Resistance 
The stomatal diffusion resistance values increased·gradually near 
the end of the five-day period, indicating that moisture stress was in-
creased from day to day as shown in Table X. It was concluded that 
plants close their stomata on the upper leaf surfaces, when exposed to 
moisture stress. 
The values of diffusion resistance in the firs-t day were higher 
than those in the second and the third days. This was due to the light 
effect because in the first day the light was off until 10:00 a.m. and 
the measurements were taken at 11:30 a.m. every day. Therefore, at 
least·some stomata were closed due to the light stress when the measure-
ments were taken. 
The differences among cultivars occurred only in ·the fifth day as 
shown in Figure 1. Table X shows that Payne was significantly different 
Source 
Rep 
Genotype 
Stress 
GE Stress 
Error A (R * V/X) 
Day 
GE * Day 
·stress *Day 
GE * Stress * Day 
ErrorB (R*D+R*D*Gis) 
* Significant at the 
** Significant at the 
TABLE IX 
ANALYSIS OF VARIANCE AMONG FOUR WHEAT CULTIVARS FOR 
TRANSPIRATION, TRANSPIRATION RATE, AND STOMATAL 
DIFFUSION RESISTANCE UNDER TWO 
MOISTURE LEVELS 
Mean Squares 
df 
Transpiration Transpiration Rates 
5 52.56 0.0029 
3 17.67 0.0003 
1 1079.08** 0.0899** 
3 5.35 0.0021 
. 35 12.43 0.0009 
4 1611. 99** 0.1453** 
12 5.95 - 0.0008 
4. 308.65** 0.0281** 
12 2.33 0.0003. 
160 9.85 0.0010 
0.05 probability level. 
0.01 probability level. 
Diffusion Resistance 
21.28 
78.10* 
408.33** 
35.30 
22.60 
772.38** 
27.24 
242.17** 
24.06 
23.77 
Cultivar 
1 
Rall 5.68 a* 
Payne 4.76 a 
KanKing 3.51 a 
David 3.53 a 
TABLE X 
DAILY STOMATAL DIFFUSION RESISTANCE 
OF FOUR WHEAT VARIETIES UNDER 
MOISTURE STRESS 
Diffusion Resistance (Sec/em} 
Days of Moisture Stress· 
2 3 4 
2.46 a 2.23 a 4.68 a 
2.67 a 2.49 a 4.14 a 
2.07 a 1.94 a 3.38 a 
2.07 a 2.50a 3.89 a 
5 Average 
13.64 ab 5.74 a 
16.00 a 6.17 a 
7.34 b 3.65 a 
10.96 b 4.59 a 
* Cultivars followed by the same letter were not significantly different at the 5% 
level using Duncan's Multiple Range test. 
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.Figure 1. Mean Diffusive Resistance of Four Wheat 
Cultivars through Five Consecutive Days 
Under Moisture Stress. 
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from KanKing and David at the 0.01 level of confidence (Duncan's Multi-
ple Range test). The order of cultivars from highest to lowest stomatal 
diffusion resistance at five days was as follows: Payne, Rall, David, 
and KanKing. The diffusion resistance values were respectively 16.00, 
-1 13.64, 10.96, and 7.34 sec em • 
The analysis of variance for stomatal diffusion resistance (Table 
IX) showed that there were significant differences among moisture stress 
levels at 0.01 level of probability. There were also significant dif-
ferences among days at the 0.01 level of probability. The interaction 
between stress by day was significant at the 0.01 level of confidence. 
No interaction between cultivar by day was observed. This indicates 
that cultivars follow the same pattern during the five consecutive days. 
Fresh and Dry Weights 
The data on fresh and dry weights of four wheat cultivars at two 
moisture levels are given in Tables XI and XII. These data indicate 
that green weight and dry weight are affected'by soil moisture stress. 
Duncan's Multiple Range Test at the 0.05 level in Tables XI and 
XIi showed that there were siSQificant differences among· cqltivars under 
Stress treatment 1 and Stress treatment 2. Payne had the highest fresh 
weight under the two moisture levels, while KanKing had the lowest 
fresh weight (Figure 2). In the case of dry weight Payne and Rall had 
the highest values, while KanKing had the lowest dry weight (Figure 3). 
Fresh and dry weights reflected the increased dryness under Stress ·· . 
treatment 2. The analysis of variance (Table XIII indicates that there 
were significant differences among cultivars and moisture levels. 
TABJ.E XI 
AVERAGE MEANS OF FRESH WEIGHT OF FOUR 
WHEAT CULT IV ARS UNDER TWO 
MOISTURE LEVELS 
:fresh·Weight (gms) 
Cultivar 
Stress 1 Stress 2 Average 
Rall 2.4 be* 3.3 b 2.3 be 
Payne 2.9 a 2.6 a 2.7 a 
KanKing. 2.1 c . 1.9 b 2.0 c 
David 2.6 b 2.2 b 2.4 b 
* Cultivars followed by the same letter were not 
significantly different at the 5% level using 
Duncan's Multiple Range Test. 
TABLE XII 
AVERAGE MEANS OF DRY WEIGHT OF FOUR WHEAT 
CULTIVARS UNDER TWO MOISTURE LEVELS 
Dry Weight (gms) 
Cultivar 
Stress 1 Stress 2 Average 
Rall 0.396 be* 0.408 a 0.402 b 
Payne 0.481 a . 0.430 a 0.456 a 
KanKing 0.375 c 0.356 b 0.366 c 
David 0.442 ab 0.390 ab 0.416 b 
* C1.1ltivars followed by the same letter were not 
significantly different at the 5% level using 
Duncan's Multiple Range Test. 
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TABLE XIII 
ANALYSIS OF VARIANCE AMONG FOUR WHEAT CULTIVARS 
FOR FRESH WEIGHT, DRY WEIGHT,. AND LEAF 
AREA UNDER TWO MOISTURE LEVELS 
Source df 
Fresh Weight 
Rep 5 
Genotype 3 
Stress 1 
GE * Stress 3 
Error (R*VIs) 35 
* Significant at 5% level 
** Significant at 1% level 
***Significant at 0.1% level 
0.5688 
1.0122*** 
-
0.6491** 
0.0210 
0.0726 
-
Mean Squares 
Dry Weight 
0.0177 
0.0165*** 
0.0090* 
0.0028 
0.0022 
Leaf Area 
409.7610 
880. 7127* 
307.5975 
467.1643 
237.1761 
35 
Leaf Area 
Duncan's Multiple Range Test at the 0.05 probability level in Table 
XIV indicated that there were significant differences among cultivars 
under Stress treatment 1. The differences among cultivars under Stress 
treatment 2 were not significant. This indicates that the differences 
which occurred under Stress treatment 1 were not due to moisture stress 
effect. It may be due to genetic makeup differences or certain environ-
mental factors such as light and temperature. In Stress treatment 2. 
the results were expected because moisture stress during the five-day 
period. or actually the last three days. should not affect the leaf 
area. 
TABLE XIV 
AVERAGE MEANS OF LEAF AREA OF FOUR WHEAT 
CULTIVARS UNDER TWO MOISTURE LEVELS 
Leaf Area (cm2) 
Cultivar 
Stress 1 Stress 2 Average 
Rall 97.66b 104. 77a 101.22a 
Payne 128.50a 110.47a 119.49a 
KanKing 102.25b 106.25a 104.25a 
David 108.81b 95.47a 102.14a 
*Cultivars followed by the same letter were not 
significantly different at the 5% level using 
Duncan's Multiple Range Test. 
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Survival Study 
This study indicated that the older leaves died first, followed by 
the younger leaves. This indicates that water may move from the older 
leaves to the younger ones in the individual plant when wilting occurs. 
It was observed that when the shoot meristem died the recovery from 
drought was not possible. 
Survival Percentage 
Data presented in Table XV show a continuous reduction in percent-
age survival with each successive drought period. This result agreed 
·with the results presented by Todd and Webster (35). The reduction in 
number of plants was not the same in all the cultivars (Figure 4). The 
average percentage survival of four drought cycl~s for Rall, Payne, 
Cultivars 
Rall 
Payne 
lCanKing 
David 
TABLE XV 
SURVIVAL OF FOUR WHEAT CULTIVARS 
FOR FOUR DROUGHT CYCLES 
Percent Survival of Four Cycles 
I II III 
75.00a 55.63a 46.56a 
77.81a 41.25b 32.50bc 
58.75b 47.81ab 37.50ab 
64.06b 29.69c 25.94c 
-·--.__, 
IV 
30.63a 
25.3lab 
29.69a 
22.50b 
*Cultivars followed by the same letter were· not significantly 
different at the 5% level using Duncan's Multiple Range Test. 
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KanKing, and David was 51.95, 44.22, 43.44, and 35.55%, respectively • 
. Rall and Payne had the hishest percentage survival, while David and 
KanKing had the lowest percentage under Stress treatment 2. In the 
case of Stress treatment 1, Rall, Payne, and KanKing had the highest 
percentage survival, while David had the lowest percentage. 
The Multiple Range Test (Table XV) on percentage survival, in the 
first drought cycle showed that cultivara could be separated into two 
groups. In the second cycle, only David was separated, but in the third 
and fourth cycle, the cultivars were not distinctly separated from one 
another as indicated by the overlapping of the ranges. 
The analysis of variance for percentage survival (Table XVI) in-
dicated that significant differences among cultiyarswere observed in 
drought cycles I, II, III, and IV at different probability levels. The 
differences among moisture levels were significant at the 0.001 proba~. 
' . 
bility level in the whole drought cycles. The interaction of cultivar 
by stress was observed only in the first drought cycle at 0.01 proba-
bility level. 
The results of the survival study were in conformity with other 
results, which were obtained from germination in mannitol solutions 
and diffusion resistance. 
There were no significant diffe-rences in row and column effects in 
the survival study (Table XVI). Also the data indicated that the vari-
. ation within the srowth chambers that were used was low~ The Latin 
square design was selected because previous research had shown much 
variation within the arowth chamber. 
In the first run, where the moisture stress was not enough to kill 
the plants, leaves of the cultivar David remained grRen much longer 
TABLE XVI 
ANALYSIS OF VARIANCE AMONG FOUR WHEAT CULTIVARS FOR 
PERCENTAGE SURVIVAL FOR 4 DROUGHT CYCLES 
Source df 
Cycle I 
Row 7 1283.71 
Col 7 457.81 
Genotype 3 1296.35*** 
Stress 1 23639.06*** 
GE * Stress 3 767.19** 
Error 42 191.74 
* Significant at 5% level 
** Significant at 1% level 
***Significant at 0.1% level 
Mean Squares 
Cycle II Cycle III 
1481.03 755.36. 
426.56 451.79 
1927.60*** 1209.38*** 
27225.00*** 31506.25*** 
78.13 105.21 
-
199.48 166.07 
Cycle· IV 
198.88 
305.13 
231. 77* 
18906.25*** 
101.04 
89.36 
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than those of the other cultivars. But in the second run, where moisture 
was more severe, this difference was not obvious. SiDdlar responses in 
other vegetative characters were noted for Payne, Rall, and KanKing. 
The di.fferences in their root pattern may be very important, but it was 
not included in this study. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
The purpose of this study was to (a) characterize the ability of 
wheat seeds to germinate in mannitol solutions of different moisture 
tensions; (b) study the ability of wheat seedlings to survive under 
repeated drought cycles; and (c) investigate transpiration and diffu-
sion resistance of different wheat cultivars. 
In the d-mannitol experiments, the seeds of 1 six wheat cultivars: 
· Rall, Triumph .64, Payne, David, Sturdy and KanKing, were germinated in 
different mannitol concentrations, from 0 to 15 atmospheres, for 14 
days. The percentage~seed germination was determined. The results in- ~ 
dicated that percentage seed germination decreased by increasing mois~ 
ture tensions. Seeds of all cultivars germinated quickly at low mois-
ture tensions.. Significant differences among cultivars were observed 
at higher tension levels. 
The moisture stress study involved the use of potted seedlings of 
four of the cultivars of wheat for studying their diffusion resistance, 
their growth rate, in terms of leaf area, fresh weight, and dry weight and 
their transpiration patterns, in a controlled growth chamber. The dif-
ferences a110n1 cultivars instomatal diffusion resistance were signifi-
cant. The values of diffU.ion resistance increased from one day to the 
next near the end of the 5-day period. Significant differences were 
found a110ng Ctaltivars: in terms of leaf area, fresh and dry Weights. The 
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data presented in this atudy showed that fresh weight and dry weight 
were af.fected by soil moisture stress. The results indicated that the 
differences in transpiration and transpiration rates were not signifi-
cant amana the cultivars tested. 
In ~he survival experiment, seedlings were grown in plastic pots 
and subjected to four weekly repeated drought cycles under two moisture 
· levels follOV.cl by revatering at the end of each cycle •. The results of 
this study indicatecl that there was a continuous loss of plants in sue-
cessive droulht periods. The analysis of variance showed significant 
varietal differences in percentage survival for each of the four cycles. 
Froa the above results some conclusions may be summarized as fol~ 
lows: (1) ger.ination of wheat cultivars under different moisture ten-
sions $•nerally resultecl in a decrease in the percentage germination in · 
all c.ultivarl tested. Moisture tensions of 9 and 11 atm were most 
effective for identifying the cultivars .with highest and lowest germin-
ationunder lillited moisture conditions; (2) transpiration and diffusion 
resistance evaluation are more effective during the period before the 
plants.reached the permanent wilting. Fresh weight and dry weight 
\ 
shoved clear differences between cultivars tested; (3) the use of sur-
vival technique on wheat seedlings allowed differences among cultivars 
to be observed. This technique of screening seems to be easy and ef-
fective for clrouaht resistance a110n1 unknown genotypes, especially for 
pnotypes that have high percentaae survival in the seedlina stage. 
They would also tend to. have high percentage of survival in the later 
staps of plant develo~nt; (4) in this study, the cultivars Rall and 
. ladina were selected as droupt resistant cultivars; Tritun],h 64 and 
Payne were selectecl as 1nter.ediate for drought resistance while Sturdy 
43 
and David were selected as drought susceptible eultivars. The overall 
conclusion from this study is that Payne had the highest general res-
ponse for drouaht tolerance while David had the lowest. In fact, David 
was th• only cultivar that can be considered as intolerant to moisture 
stress. The response of other cultivars were not consistent, and it was 
not possible to give them a ranking for drought resistance in this 
· sttlcly; (S) this atudy suggested that the measurements of diffusion re-
sistance should be taken from the upper and the lower leaf surfaces 
and froa ~re than one leaf per each plant. Transpiration and diffu-
sion resistance 11easurements should be taken from plants under moderate 
· 110isture stress; (6) the response of wheat cultivars should be tested 
in different stages of growth from germination tc;> maturity; (7) the 
cultivar or cultivars that show high response by using different evalu-
ation techniques at different growth stages may be able to withstand 
drought conditions. 
LITERATURE CITED 
1. Ahring, Robert M., R. D. Morrison, and M. L. Wilhite. 1959. Uni-
formity trials on germination of switchgrass seed. Agron. J. 
51:734-737. 
2. Bayles, B. B., J. W. Taylor, and A. T. Bartel. 1937. Rate of water 
loss in wheat varieties and resistance to artificial drought. 
Agron. J. 29:40-52. 
3. Brown, K. W. and N. J. Rosenberg. 1970. Effect of windbreaks and 
soil water potential or stomatal resistance and photosynthetic 
rate of sugar beets (Beta vulgaris). Agron. J. 62:4-8. 
4. Dedio, W. 1975. Water relations in wheat leaves as screening tests 
for dro~ght resistance. Can. J. Plant Sci. 55:369-378. 
5. Evans, L. T., I. F. Wardlaw, and R. A. Fischer. 1975. Wheat. In 
Evans, L. T. (ed.) Crop physiology-.-.some case histories. 
Cambridge Univ. Press, London, pp. 101-149. 
6. Hagan, R. M., M. L. Peterson, R. P. Upchurch, and L. G. Jones. Re-
lationships of soil moisture stress to different aspects of 
growth in ladino clover. Soil Sci. Soc. Amer. J. 21:360-365. 
7. Henkel, P. A. 1964. 
Plant Physiol. 
Physiology of plants under drought. 
15:363~368. 
Ann. Rev. 
8. Heyne, E. G. and H. H. Laude. 1940. Resistance of corn seedlings 
to high temperatures in laboratory tests. Agron. J. 32:116-126. 
9. Helurcik, R. H., and R. P. Pfeifer. 1954. Differential varietal 
responses of winter wheat germination and early growth to con-
trolled limited moisture conditions •. Agron. J. 46:560-562. 
10. Hurd, E. A. 19.68. Growth of roots of seven varieties of spring 
·wheat at hiah and low moisture levels. Agron. J. 60:201-205. 
11. Hurd, E. A. 1974. Phenotype and drought tolerance in wheat. Agric. 
Meteorol. 14:39-55. 
·12. John•on, D. A. and R. W. Brown. 1977. Psychrometric analysis of 
turaor pressure response: A possible technique for evaluating 
plant water s~ress resistance. Crop Sc~. 17:507-510. 
44 
45 
13. Kane~su, E. T., G. W. Thurtell, and c. B. Tanner. 1969. Design, 
calibration and field use of a stomatal diffusion parameter. 
Plant Physiol. 46:881-885. 
14. Kn~pe, D. and C. H. Herbel. 1960. The effects of limited moisture 
on germination and initial growth of six grass species. J. 
Range Mgmt. 13:297-302 •· 
15. Kramer, P. J. 1963. Water stress and plant growth. Agron. J. 
55:31-35. 
16. Laude, H. M. 1971. Drought influence on physiological processes 
arid subsequent growth, pp. 45-46. In Larson, K. L. and J. D~ 
Eastin (ed.). Drought injury and resistance in crops. CSSA 
Special Pub. No. 2., Madbon, Wisconsin. 
17. Leonard, W. H., and J. H. Martin. 1'963. Cereal··Crops. New York: 
18. 
19. 
The MacMillan Company. pp. 283-287. 
Levitt, J. 1964. Drought. In Forage plant physiology and soil-
range relationships. Amer. Soc. of Agron., Madison, Wisconsin. 
pp. 57-66. 
. . I Levitt, J. 1972. Responses of plants to environmental stress. 
Academic Press, Inc., New York, pp. 322-445. 
20. Meyer, G. S., D. B. Anderson, R. H. Bohning, and D. G. Frantianne. 
1973. Loss of~ water from ·pl~nts~ · In: Introduetiori to Plant 
Physiology~- 2nd Ed. New York: D.'"'Vart Nastrand 'Co., pp. 
69-95. 
21. Misra, D. K. 
plants. 
1956. Study of drought resistance in certain crop 
Indian J. Agron. 1:25-39. 
22. Mitchell, R. L. 1970. Crop Growth an.d Culture. Iowa State Univ. 
Press, Ames, Iowa, pp. 254-259. 
·23. Quarrie, s. A. and H. G. Jones. 1977. Effects of abscisic acid 
and water stress on development and morphology of wheat. J •. 
Exp. Bot. 28: 192-203. . 
24. Ridley, E. J. and G. W. Todd. 1971. Anatomical changes in the 
shoot tip'of wheat after exposure to drought stress. Crop 
Sci. 11:471-474. 
25. · Salim, M. H. 1965. Some aspects of drought resistance in small 
grains and means of enhancement or induction. (Unpub. Ph.D. 
Dissertation, Okla. State Univ., Stillwater.) 
26. Sandhu, A. S. and H. H. Laude. 
hardiness of winter wheat. 
1958. Tests of drought and head 
Agron. J. 50:78-81. 
27. Shantz, H. L. 1927. Drought resistance and soil moisture. Ecolo'gy 
8: 145-157. 
28. Singh, T. · N., D. Aspinall and L. G. Paleg. 1972. 
tions and varietal adaptability to drought in 
tial metabolic measure of drought re~istance. 
236:188-189. 
46 
Proline accumul:a-
barley: a paten-
Nature New Biol., 
29. Slatyer, R. 0. 1966. Some physical aspects of internal control of 
leaf transpiration. Agric. Meterol. 3:281-292. 
30. Stefanouskii, I. A. 1937. (Drought resistance of spring wheats). 
3L 
Selekcija I. Semenovodstvo (Breeding and seed growing) 10: · 
10-16. (Cited by Salim, Ref. 25.) 
Stocker, 0. 1960. Physiological and morphological changes in 
plants due to water deficiency~ In Plant~water relationships 
in arid and semi-arid conditions. Rev. of Res. 15:63-104. 
UNESCO, Paris. 
32. Stout, D. G. and G. M. Simpson. 1978. Drought resistance of sorghum 
bicolor. 1. Drought avoidance mechanisms related to leaf water 
status. Can. J. Plant Sci. 58:213-224. 
33. Sullivan, C. Y., and J.D. Eastin. 1974. Plant physiological res-
ponse to water stress. In J. F. Stone (ed.). Plant modifica-
tion for more efficient water use. Elsevier Scientific Publ. 
Co., Amsterdam. 14:11'3-127. 
34. 
/ 35. 
36. 
37. 
38. 
' Sullivan, C. Y. 1971. 
stress, pp. 1-18. 
Larson, K. L. and 
Madison, Wise. 
Techniques for measuring plant drought 
In Drought injury and resistance in crops, 
J:-D. Eastin (ed.). CSSA Special Pub. No. 2 
Todd, G. W. and D. L. Webster. 1965. Effects of repeated drought 
periods on photosynthesis and survival of cereal seedlings. 
Agron. J. 57:399-404. 
Uhvits, R. 1946. Effect of osmotic pressure on water absorption 
and germination of alfalfa seeds. Amer. J. of Bot. 33:278-285. 
Veihmeyer, F. J. and A. H. Hendrickson. 
tions in relation to plant growth. 
2:71-82. 
1950. Soil-moisture condi-
Ann. Rev. Plant Physiol. 
Waggoner, P. E., and I. Zelitch. 
stomata of leaves. Science. 
1965. Transpiration and the 
15:1413-1420. 
·1"""· 
VITA 
Mohamed Salem Zaidi 
Candidate for the Degree of 
Master of Science 
Thesis: DROUGHT RESISTANCE OF WHEAT SEEDLINGS UNDER CONTROLLED MOISTURE 
CONDITIONS 
Major Field: Agronomy 
Biographical: 
Personal Data: Born in Suk.,-Elkhamis, Elkhomos, Libya, July 16, 
1945, the son of Salem Belhag Zaidi and Easha Emhamed. 
Education: Received Bachelor of Science degree in Agriculture 
from the University of Tripoli in June, 1970; completed the 
requirements for the Master of Science degree at Oklahoma 
State University in July, 1979. 
Experience: A director of "Al-Khoms Agri-Project from July, 1970, 
to March, 1973; assigned as a "Management-Director" for the 
"Palm Tree Development Project" of the General. Company for 
Marketing and Agricultural products from April, 1973, to Oc- . 
tober, 1974. Alsoworked as "General Director" to the General 
Company for Marketing and Agricultural Products from Septem-
ber, 1974, to August, 1975. 
Organizations: American Society of Agronomy; Crop Science Society 
of America; Soil Science Society of America. 
